We previously integrated the luxAB gene into the Yersinia enterocolitica chromosome. In this article, we assessed, by luminometry, the survival of the engineered strain KNG1024 in the digestive tracts of mice and cows. In situ detection and a count of the released strain were performed on feces from orally inoculated BALB/c mice for 24 days. This method is a rapid and reliable system for long-term monitoring of genetically engineered bacteria. In cow feces, the count of Y. enterocolitica ranged from 210 to 6,000 CFU/g of feces. This very low count was not detectable by direct luminometry. 
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Attenuated oral pathogenic bacteria such as Salmonella or Yersinia spp. have been proposed as live, oral carriers of foreign antigens (2, 3, 12, 13) . To achieve this function, they must persist in the host just long enough to induce the immune response and their subsequent spreading into the environment must be limited as much as possible. The survival, persistence, and growth of engineered bacteria in animal guts as well as in feces and stable litter should thus be thoroughly investigated. To realize this, simple, quantitative, and reliable detection methods need to be developed. A detection marker may be located on a plasmid which is introduced into the released host bacteria. However, extrachromosomal marker systems are inherently unstable because of the tendency of many plasmids to segregate at cell division during growth after release (7, 10) . In addition, it may not be good practice to use plasmid systems because of their greater potential than chromosomal systems to disseminate recombinant DNA to microbial populations. We previously designed a vector that facilitates the introduction of genetic markers into the chromosome of gram-negative bacteria by homologous recombination. As an example of the potentialities of the system, we replaced the blaA gene of Yersinia enterocolitica encoding 1-lactamase A with the luxAB gene encoding the bacterial luciferase (for reviews, see references 4 and 6). The latter gene was expressed constitutively from the Escherichia coli lac promoter (8).
The luciferase system is a potentially powerful tool for use in studying the fate of genetically engineered Y enterocolitica strains in the environment. A plasmid-encoded luxAB gene has been successfully used as an in situ detection marker in E. coli (11). In this article, we report on a survival study in murine and bovine intestines of Y enterocolitica KNG1024 serotype 0:9, using bioluminescence mediated by the luxAB * During this study, we also assessed the stability of the chromosomally integrated luxAB gene. Since strain KNG1024 was also nalidixic acid resistant, we counted strain KNG1024 cells in the feces of mice, concurrent with the luminometric assay, by plating appropriate dilutions on MacConkey medium (Difco) containing 35 ,ug of nalidixic acid ml-'. The plates were incubated at 28°C for 2 days, and the number of 
